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Cimino fistulas used for hemodialysis access may have impor-
tant consequences for the local and systemic circulation [1, 2].
Locally, fistulas may impair tissue perfusion, and may even cause
ischemia [1, 3—51. Systemically, the large blood flow through the
fistula may cause left ventricular dilation and hypertrophy, and
eventually high output cardiac failure [2, 6—8]. Both local and
cardiac hemodynamic consequences of Cimino fistulas can be
reversed by correction or closure of the fistula [2, 5, 7, 81.
Invasive blood pressure measurements [91 and various qualita-
tive finger plethysmographic methods have been used [3—5] to
study the effect of fistulas on the circulation of the ipsilateral
hand. The consequences of Cimino fistulas for the systemic
circulation have been investigated using thermodilution or dye
dilution cardiac output measurements [8, 10], or elaborate echo-
cardiographic measurements [11].
In the present study, ipsi- and contralateral finger pressure
measurements and "Modelfiow" calculations of stroke volume
(SV), cardiac output (CO), and systemic vascular resistance
(SVR) [12] were made during short term compression of the
fistula, in order to determine whether this new, simple, quantita-
tive and non-invasive methodology is suitable to assess the local
and systemic hemodynamic consequences of Cimino fistulas.
Methods
Patients
Measurements were performed in 10 patients (9 male, I female,
aged 26 to 70 years) with a functioning kidney graft (graft age 7
months to 9 years). All patients had a patent end (vein)-to-side
(artery) Cimino fistula at the wrist, and a palpable radial artery
distally of the fistula (fistula age 10 months to 14 years). None of
the patients had a fistula on the contralateral arm. All patients
were treated with immunosuppressive drugs (prednisone and
cyclosporine A or azathioprine), and one or more antihyperten-
sive drugs (7 patients were treated with a calcium entry blocker, 5
with a 3-blocking agent, 2 with an ACE inhibitor, 2 with diuretics
and 2 with nitrates). For safety reasons medication was not
interrupted for this study. After explanation of the aim of the
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study and procedures to be used, all patients gave informed
consent.
Noninvasive finger arterial pressure measurement
Finger arterial pressure was measured bilaterally in the middle
finger with Finapres (original TNO model 5 and commercial
Ohmeda 2300e; Ohmeda, Louisville, CO, USA) non-invasive
blood pressure monitor. Finapres measures blood pressure by
means of the volume clamp method of Pefláz, and the "Physiocal"
criteria developed by Wesseling et al [13]. The pressure transduc-
ers of both devices were calibrated against the same reference
(Ametek, Feasterville, PA, USA). To prevent hydrostatic pressure
differences, both fingers were kept at heart level. The arm in
which the Cimino fistula was located is referred to as "shunt arm"
and the other arm as "contralateral arm."
Maneuvers
After stabilization of both finger pressure signals and a 60-
second control period, the Cimino fistula, but not the radial
artery, was compressed manually for 60 seconds. This procedure
was repeated after three minutes. After two compression proce-
dures in the supine position, patients were asked to stand up.
After stabilization, two more procedures were performed in the
upright position. Individual procedures were separated by at least
three minutes, and marked with an electronic time marker.
Data registration and analysis
Finger pressures and time markers were recorded on stripchart
(Gould TA 2000, Gould, Cleveland, OH, USA), and after imme-
diate AID conversion (CODAS software, Dataq Instruments mc,
Akron, OH, USA) stored on line in a computer (Olivetti M380,
Ivrea, Italy). Finger pressure and marker signals were AID
converted at a sampling rate of 100 Hz. Four second averages of
systolic, mean and diastolic blood pressure, heart rate (HR),
stroke volume (SV), cardiac output (CO) and systemic vascular
resistance (SVR) were computed off line from finger pressure
registrations in the contralateral arm, using FAST system pro-
grams (BMI-TNO, Amsterdam, the Netherlands), after an elec-
tronic calibration procedure. SV was calculated from the finger
pressure wave of the contralateral arm using the "Modelfiow"
method [12]. CO was calculated by multiplying SV and HR. SVR
was computed by dividing mean blood pressure by CO. Since we
did not calibrate CO measurements with invasive CO determina-
tions, only the relative values (%) of SV, CO and SVR in
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Fig. 1. Blood pressure (BP) measurements in shunt and contralateral arms
during fistula compression (bars) in supine position in one of the patients.
Responses of heart rate (HR), stroke volume (SV), cardiac output (GO)
and systemic vascular resistance (SVR) are shown in the lower panels.
All results are based on the average of the two measurements in
each patient, and are expressed as median and range. Individual
values of blood pressure, HR, SV, CO and SVR were calculated
for the one minute preceding compression, the time during
compression and for the two minutes following fistula compres-
sion in supine and upright positions. We used Wilcoxon's matched
pairs test to compare results before and during fistula compres-
sion-
Results
An example of blood pressure measurements in both arms,
together with the values of HR, SV, CO and SVR, is shown in
Figure 1. During supine and upright control periods finger
pressure in the shunt arm was considerably lower than in the
contralateral arm (P < 0.01 for systolic, and P < 0.05 for mean
and diastolic BP; Tables 1 and 2, Figs. 1 and 2).
After standing up, BP did not change in the shunt arm (Tables
1 and 2, Fig. 2). In the contralateral arm the diastolic BP increased
Supine
Control Compression
Shunt-arm
Systolic BP mm Hg
Mean BP mm Hg
Diastolic BP mm Hg
78 (36—120)
59 (30—83)
47 (27—60)
139 (80—172)"
96 (65—120)"
77 (55_97)"
Contralateral arm
Systolic BP mm Hg 132 (104—180) 134 (106—177)
Mean BP mm Hg 92 (70—106) 94 (72113)a
Diastolic BP mm Hg 71(45—88) 74 (48_89)a
Heart rate bpm 68 (41—85) 66 (37_82)"
Stroke volume % 100 (100—100) 96 (87—109)
Cardiac output % 100 (100—100) 87 (78—106)
Systemic vascular resistance % 100 (100—100) 117 (94_133)a
Median and range, control vs. compression ap < 0.05, bp < 0.01),
Wilcoxon's matched pairs test, N = 10.
Table 2. Systolic, mean and diastolic blood pressure (BP) in both arms,
together with HR, SV, CO and SVR before and during compression of
the fistula in the upright position
Upright
Control Compression
Shunt-arm
Systolic BP mm Hg 72 (34—123) 147 (98—176)"
Mean BP mm Hg 60 (30—88) 106 (83—128)"
Diastolic BP mm Hg 49 (27—72) 88 (62—106)"
Contralateral arm
Systolic BP mm Hg 133 (92—187) 140 (98_198)c
Mean BP mm Hg 95 (64—1 14) 98 (66_120)"
Diastolic BP mm Hg 79 (46—104) 82 (47_106)"
Heart rate bpm 76 (4896)b 72 (37_91)"
Stroke volume % 73 (5890)b 71(57—82)
Cardiac output % 83 (6997)" 72 (59_87)"
Systemic vascular resistance % 129 (l00—162)' 158 (101—212)"
Median and range, supine control vs. upright control < 0.05, bp <
0.01), and upright control vs. upright compression ('P < 0.05, dp < 0.01),
Wilcoxon's matched pairs test, N = 10.
(P < 0.05), whereas systolic and mean BP did not change. The
change in position resulted in a decreased HR, SV and CO and an
increased SVR (P < 0.01 for HR, SV, CO and SVR, Tables 1 and
2, Fig. 3). In response to compression of the fistula, BP in the
shunt arm increased instantly to a BP level similar to the BP level
in the contralateral arm (Tables 1 and 2; Figs. 1 and 2).
After an initial overshoot of the finger pressure in the contralat-
era! arm, fistula compression caused a slight, but significant,
increase of mean and diastolic BP in the supine position (Table 1),
and of systolic, mean and diastolic BP in the upright position
(Table 2). The rise in diastolic (P < 0.05) and mean (P < 0.01) BP
in response to fistula compression was slightly higher in the
upright than in the supine position. In both positions HR and CO
decreased on fistula compression, whereas SVR increased (Tables
1 and 2, Fig. 3). The response of SVR was significantly larger in
the upright position (P < 0.05). The rise in BP in the shunt arm
in response to fistula compression was not always proportional to
the rise in SVR (Fig. 4).
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Fig. 2. Average response in systolic, mean and diastolic blood pressure in the
shunt arm during fistula compression (bar) in supine and upright positions(N = 10).
The resistance to flow is low in patent Cimino fistulas. This low
resistance results in the high blood flow needed for hemodialysis.
However, the high blood flow through fistula and supplying
arteries may sometimes elicit unwanted effects. We used bilateral
finger pressure measurements and short term fistula compression
as a method to study both local and systemic hemodynamic
consequences of Cimino fistulas. This technique allowed for the
first time the continuous monitoring of changes in hemodynamics
in response to fistula compression.
Local effects of Cimino fistulas
According to Poiseuille's law an increased blood flow results in
a larger pressure gradient along the vascular tree. A high blood
flow to the arteriovenous fistula might thus be expected to result
in a decreased BP at the arterial side of the fistula [9], and thus in
the hand. Decreased perfusion pressure may cause decreased tissue
perfusion and may eventually lead to ischemic complaints [3].
In all our patients the finger pressure in the shunt arm was
decreased. The observation that the finger pressure normalized
after fistula compression indicates that the decreased finger
pressure is caused by the low resistance in the fistula, and not by
an arterial stenosis proximally of the fistula. The rise in BP in
response to fistula compression was not always proportional to the
rise in SVR (Fig. 4). The relatively small increase in BP (21%) in
a patient with a 32% increase in SVR could be explained if in this
particular patient the middle finger of the shunt arm is mainly
supplied via the ulnar artely. The disproportionate rise in BP in
three other patients, who only showed a moderate or no increase
in SVR on fistula compression, might be explained if an existing
turbulent flow in the supplying arteries, resulting in unpredictable
pressure gradients [14], becomes laminar upon fistula compression.
It has been shown in patients with a stenosis of the fistula that
the BP at the arterial side of the fistula is increased [9]. Repeated
finger pressure measurements might thus be used to assess fistula
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Fig. 3. Average response of systolic, mean and diastolic blood pressure in the
contralateral ann during fistula compression (bars) in supine and upright
positions (N = 10). Responses of heart rate (HR), stroke volume (SV),
cardiac output (CD) and systemic vascular resistance (SVR) are shown in
the lower panels.
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Fig. 4. Relation between rise in SVR during fistula compression and the rise
in blood pressure in the shunt arm during fistula compression.
patency. An increase of the finger pressure in the shunt arm might
indicate the development of a stenosis.
Systemic consequences of Cimino fistulas
Systemic hemodynamic consequences were studied with finger
pressure measurements in the contralateral arm, together with
"Modelflow"-derived calculations of SV, CO and SVR. In previ-
ous studies in which Finapres measurements were compared to
intra-arterial BP levels, Finapres was shown to represent the
intra-arterial BP quite accurately, both at rest and during various
maneuvers associated with changes in BP [15], even in patients
with atherosclerotic vascular disease [16]. The recently developed
"Modelfiow" method excellently follows relative changes in
thermo-dilution cardiac output (mean error 2%, SD 8%), when
data were calculated from intra-arterial BP measurements [12].
Changes in cardiac output derived from finger pressure registra-
tion by "Modelfiow" [17], or by less precise pulse contour
calculations [12], have in turn been validated against calculations
from intra-arterial pressure registrations [18, 19]. Direct evidence
that changes in cardiac output can reliably be derived from finger
pressure registration has been presented in a study in which
cardiac output calculations with the pulse contour method were
compared with those measured by inert gas rebreathing [20].
Compression of the fistula caused an immediate increase in BP,
due to an increase in SVR (Figs. 1 and 3). This increase in BP was
followed within a few seconds by a decrease in HR and CO. A
decrease in HR after compression of fistulas was first observed at
the end of the 19th century in patients with arteriovenous fistulas
caused by gunshot wounds [21, 22]. After introduction of surgical
arteriovenous fistulas used for dialysis access, this decrease in HR
during fistula compression, the so-called Nicoladani-Branham
sign, has been shown to indicate hemodynamically significant
fistulas [10, 23]. Since the decrease in HR can be blocked by
atropine [23], it most likely results from a baroreflex-mediated
increase in vagal tone.
Using continuous monitoring, changes in BP, HR, SV, CO and
SVR occurring immediately after fistula compression could be
monitored for the first time. BP and SVR showed a small initial
peak, and HR an initial nadir, immediately after compression
(Fig. 3). After these initial peaks and nadir, BP and SVR reached
a plateau level, and HR slightly increased (Fig. 3). Both the
decrease in BP after this initial peak, probably resulting from
vasodilatation, and the slightly delayed response of HR suggest
involvement of the baroreflex. A similar response has been observed
in healthy subjects when the SVR was acutely increased by rapid
inflation of bilateral thigh cuffs to suprasystolic pressures [24].
The individual response to fistula compression will be deter-
mined foremost by the (lack of) resistance in the fistula. The
response to fistula compression is also influenced by other factors
like posture, medication and function of the autonomic nervous
system. The increase in SVR, and thus BP, in response to fistula
compression was larger in the upright position than in the supine
position. This observation is in agreement with the increased
140 blood pressure response to other maneuvers, like Valsalva's
maneuver, in the upright position [25]. Five patients used beta-
adrenoceptor blocking drugs. The decrease in HR in response to
fistula compression in these patients did not differ from the
response in the other five patients, supporting previous observa-
tions that changes in HR in response to fistula compression are
mediated by changes in vagal tone [23]. Finally, the response to
shunt compression may also be affected by dysfunction of the
autonomic nervous system. Although dysfunction of the auto-
nomic nervous system has been observed regularly in patients with
end-stage renal failure, it usually reverses after successful kidney
transplantation [26].
In patients with a large blood flow through the fistula for a
prolonged period of time, the sustained increase in CO sometimes
results in high output cardiac failure. This cardiac failure has been
shown to be reversible after surgical correction or closure of the
fistula [2,6—8]. Only one of the patients studied had recently been
treated for heart failure. Interestingly, this patient showed the
largest change in CO on compression of the fistula. In patients
with a Cimino fistula who develop heart failure, a large decrease
in CO upon fistula compression might indicate that the fistula
significantly contributes to the genesis of heart failure.
In conclusion, our findings show that bilateral finger pressure
measurements with Finapres and "Modeiflow" calculations of SV,
CO and SVR, during short term compression of the fistula, can be
used to quantitate non-invasively the local and systemic hemody-
namic consequences of Cimino fistulas used for hemodialysis
access.
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